Learning pointsHaemophagocytic lymphohistiocytosis (HLH) is an uncommon but serious systemic inflammatory response with high mortality rates.Haemophagocytic lymphohistiocytosis can occur in heart transplant recipients in the absence of malignancy, identifiable infectious triggers and signs of haemophagocytosis.On suspicion of HLH a bone marrow biopsy should be performed according to the HLH 2004 protocol, but a negative find is not sufficient to rule out the diagnosis.

Introduction
============

Haemophagocytic lymphohistiocytosis (HLH), or haemophagocytic syndrome, is an uncommon but serious systemic inflammatory response with mortality rates of around 50% when occurring in recipients of solid organ transplants.[@ytaa070-B1] It can occur as a primary form where genetic factors contribute to a dysfunctional immune system, or as a secondary reactive variant, when infections or malignancy may act as triggers, often in the context of immunosuppression. It is characterized by a dysfunctional activation of morphologically benign histiocytes with subsequent haemophagocytosis. Clinical manifestations include high fever, pancytopenia, and hepatosplenomegaly, while common laboratory findings consist of high levels of ferritin, hypertriglyceridaemia, and increased soluble CD25 (α-chain of IL-2 receptor).[@ytaa070-B2]^,^[@ytaa070-B3]

Timeline
========

  ------------------ --------------------------------------------------------------------------------------------------------------------------------------------
  2011--2013         Orthotopic heart transplantation due to giant cell myocarditis.
                     Several episodes of treatment-requiring acute cellular rejections (ACR) leading to more potent immunosuppressive regimen.
                     Pacemaker due to 3rd degree atrioventricular block.
  2017               
  Beginning of May   Fever and malaise at home, initially interpreted as common cold.
  8--14 May          Progressing symptoms and admission to local infection clinic.
                     Haemophagocytic lymphohistiocytosis (HLH) suspected but bone marrow biopsy is negative shifting diagnostic focus.
  14 May             Progressing renal and heart failure. Transported to Sahlgrenska University Hospital for myocardial biopsies.
  15 May             Myocardial biopsies without signs of ACR. Haemophagocytic lymphohistiocytosis once again suspected leading to a second bone marrow biopsy.
  16 May             Clinical deterioration, empiric HLH treatment is added.
                     Second bone marrow biopsy negative but results from IL 2-receptor analysis considered confirmative of HLH diagnosis.
  17 May             Massive organ failure and intense treatment efforts. Patient dies.
  ------------------ --------------------------------------------------------------------------------------------------------------------------------------------

Case presentation
=================

A 25-year-old male with a history of celiac disease underwent heart transplantation at the Sahlgrenska University Hospital in 2011 due to giant cell myocarditis. He was placed on an immunosuppressive regimen comprised of tacrolimus, MMF, and prednisolone. Rejection surveillance with endomyocardial biopsies was performed according to a protocol during the first year and, thereafter, only on indication. During the first 3 post-transplant years the patient developed several treatment-requiring episodes of acute cellular rejections, but this subsided when the immunosuppressive maintenance protocol was intensified with everolimus. In 2013, a routine electrocardiogram revealed atrioventricular (AV) block III and the patient received a pacemaker. Over the following years, there were no further significant complications and graft function remained essentially intact.

In the beginning of May 2017, the patient developed a fever without any focal symptoms. After a week at home without improvement, he was admitted to the local infection clinic and underwent extensive screening for potential infectious causes. Laboratory tests showed an extensive inflammatory reaction, but screening for a wide array of viral causes with real-time PCR, as well as bacterial cultures, were negative. Electrocardiogram from May 2017 revealed a biological sinus tachycardia with a rate of 108 and supraventricular extrasystoles. Further, a QRS morphology consistent with right bundle branch block (RBBB) and left anterior fascicular block (LAFB), and high QRS amplitudes in the limb leads indicating left ventricular hypertrophy. Initial chest X-rays were unremarkable, and an abdominal ultrasound showed no signs of organomegaly. Serum concentrations of immunosuppressive drugs were adequate. In the absence of an apparent infectious cause, intravenous hydrocortisone was added to the treatment to counteract the inflammation.

Due to the presence of pancytopenia \[Hb 97 g/L (134--170), WBC 2.1 × 10^9^/L,[@ytaa070-B3] platelet count 139 × 10^9^/L (145--348)\], elevated ferritin levels \[1378 µg/L (30--400)\], hypertriglyceridaemia \[4.1 mmol/L (0.45--2.6)\] and decreased fibrinogen \[1.37 g/L (1.8--3.8)\], also HLH was considered a differential diagnosis at this early stage. However, since a bone marrow biopsy showed no obvious signs of haemophagocytosis the investigative focus shifted towards other possible explanations. Empiric treatment with wide spectrum antibiotics (cefotaxime) was initiated. Despite the current treatment, the patient's condition continued to deteriorate. Due to worsening heart and renal function the patient was transferred to the local cardiology clinic, and owing to a growing suspicion of an acute allograft rejection, he was transported to the Sahlgrenska University Hospital for further evaluation and treatment.

At the Sahlgrenska hospital, echocardiography showed impaired systolic graft function (ejection fraction = 35%) but myocardial biopsies showed no signs of rejection. Persisting pancytopenia and further elevation of ferritin and triglycerides once again highlighted HLH. A second bone marrow sample still revealed no signs of haemophagocytosis, but the levels of soluble IL-2 where clearly elevated \[6000 U/mL (45--1100)\], which was considered confirmative of HLH. Due to respiratory deterioration the patient was transferred to the cardiothoracic intensive care unit and received mechanical ventilation. He was treated with intravenous betamethasone and human immunoglobulin (KIOVIG). Herpes simplex (HSV) 1 virus was detected with PCR analyses of serum (log 2.48) and treatment with acyclovir was added. At this stage, the patient exhibited severe deterioration with the development of pulmonary oedema and circulatory shock. He was placed in veno-venous extracorporeal membrane oxygenation (ECMO), but a progressive multiorgan failure could not be reversed and the patient died 2 weeks after the initial onset of symptoms.

Discussion
==========

We describe a case of HLH in a heart transplant recipient with a fatal outcome. Haemophagocytic lymphohistiocytosis is a rare disorder and only a handful of case studies in heart transplanted patients have been reported previously.[@ytaa070-B1]^,^[@ytaa070-B4]^,^[@ytaa070-B8] In our case, a timely diagnosis was challenging and response to treatment was poor. We therefore believe that our experience can add to the existing base of knowledge.

The first diagnostic guidelines for HLH where published in 1991 and have since then developed into the HLH-2004 protocol ([*Table 1*](#ytaa070-T1){ref-type="table"}), which today is the most widely used diagnostic guideline in clinical practice for adults.[@ytaa070-B7] On suspicion, the diagnostic importance of finding haemophagocytosis in bone marrow samples has been emphasized, also in heart transplant recipients.[@ytaa070-B1] Even though our patient at an early stage fulfilled five of eight criteria, sufficient for identifying HLH, the diagnosis was delayed due to negative bone marrow biopsies shifting the focus to other serious conditions more frequently occurring in this patient population. The presence of haemophagocytosis in bone marrow has actually been shown to have a limited predictive value for the HLH diagnosis,[@ytaa070-B9] but may still be of importance to rule out other causes of cytopenias.[@ytaa070-B10] Burns *et al.*[@ytaa070-B4] describes similar problems with identifying the underlying cause behind the HLH in their case, although it is described as almost certainly infection associated. Reactive HLH is most often associated with virus infections, where the strongest aetiological connection has been drawn to herpes viruses, especially Epstein-Barr virus (EBV).[@ytaa070-B4] Previous cases of HLH in heart transplanted patients reaffirm this.[@ytaa070-B5]^,^[@ytaa070-B8] However, in our case the only viral analysis with positive outcome was a HSV-1 PCR, but since the log was only 2.18, we find it unlikely to be the trigger.

###### 

Diagnostic criteria for reactive haemophagocytic lymphohistiocytosis according to the HLH 2004 protocol

  --------------------------------------------------------------------------------------------------------------------------------------------------------------------
  *Fever*
  Splenomegaly
  *Cytopenia affecting ≥ 2 lineages of peripheral blood cells:* *Anaemia* (haemoglobin \< 90 g/L)*Thrombocytopenia* (\<100 × 10^9^/L)*Neutropenia* (\<1.0 × 10^9^/L)
  *Hypertriglyceridaemia* (\<3.0 mmol/L, fasting value) *and/or hypofibrinogenaemia* (1.5 g/L)
  *Hyperferritinemia* (≥500 mg/L)
  Low or absent natural killer cell activity
  *Elevated soluble IL-2 receptor levels*(\>2400 U/mL)
  Haemophagocytosis in bone marrow, spleen or lymph nodes
  --------------------------------------------------------------------------------------------------------------------------------------------------------------------

At least five out of the eight criteria must be fulfilled for the diagnosis. No evidence of malignancy must be present.

The table also shows which diagnostic criteria the patient in this case report fulfilled (italics).

The rarity of HLH, the lack of specific laboratory or clinical tests and the variability in clinical manifestation often contribute to a diagnostic delay. Most cases of HLH do however warrant an early and aggressive treatment for favourable outcomes. Upon high clinical suspicion of HLH, treatment should therefore begin early, even though diagnostic tests are not finished. The main principle of HLH treatment is to supress life-threatening inflammation, and the current recommendation for induction therapy comprises betamethasone and etoposide. It is also essential to try to identify and treat any underlying triggering condition. Prophylactic treatment for opportunistic infections, immunoglobulin supplementation, and careful monitoring for improvement or deterioration are needed. If the patient recovers after an 8-week induction period, the HLH treatment can be weaned off. In case of no improvement, treatment continues as a bridge to allogeneic haematopoietic stem cell transplantation.[@ytaa070-B11]

In summary, even though the patient in an early stage fulfilled necessary criteria to identify HLH, a definitive diagnosis was delayed due to the absence of haemophagocytosis in a bone marrow biopsy ([*Figure 1*](#ytaa070-F1){ref-type="fig"}). Moreover, neither biopsies nor other investigations could provide an answer to the underlying cause, leaving us unaware of what essentially triggered the HLH. Thus, it is important to be aware that HLH may occur in the absence of malignancy, an apparent infectious trigger or signs of haemophagocytosis in a bone marrow biopsy. When the diagnosis was set, the patient was in such a deteriorated state that we were not sure if he could survive the addition of etoposide to his treatment. Perhaps a definitive diagnosis could have been achieved earlier if diagnostics according to the HLH-2004 protocol had been adhered more thoroughly as soon as HLH was suspected. Even so, the severity and quick progress of the HLH in our patient leaves us with the question if treatment would have been effective even if initiated at an earlier stage.

![(*A*) Haematoxylin and eosin stain, scale bar 50 µm. Ordinary bone marrow with normal distribution of haematopoietic cells. No sign of malignancy. (*B*) CD68 stain, scale bar 100 µm. Bone marrow with normal number of histiocytes/macrophages.](ytaa070f1){#ytaa070-F1}
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